Heavy or extreme daily rainfall can result in increased storm water runoff or flooding. This can lead to transportation of more contaminants into drinking water resources, overloading of storm water and wastewater systems which might force additional funds to be sought to augment management facilities, and can also pose design challenges on structures such as dams. Rainfall records have been used to assess the characteristics of heavy daily rainfall in terms of its intensity and the number of days with these events over the eastern Botswana. This is crucial in addressing increased storm water runoff or flooding concerns. All the stations that have been selected for analysis experienced heavy daily rainfall of at least 50 mm. The highest heavy daily rainfall events across the stations ranged between 125 and 171 mm. Three of the seven stations had increasing trends in the intensity of their heavy daily rainfall, two had decreasing trends, while the other two did not show a clear direction of the trend. The Mann Kendall test indicated that only one of the seven stations had a statistically significant trend at the standard 5% significance level. On annual basis, the highest number of days with heavy daily rainfall events at the stations was 5.
Introduction
Climate change, which is mainly manifested in changes in precipitation and temperatures, has drawn a lot of attention of many researchers [1] [2] [3] [4] . Rising temperatures will cause the water cycling process to be faster, which will possibly result in the increase of precipitation amount over some parts of the globe [5, 6] . The climate of much of southern Africa is characterised by arid to semi-arid conditions and climatic extremes that include extreme rainfall events [7, 8] . Botswana, being part of southern Africa, at times also experiences heavy or extreme daily rainfall that can persist for a number of days. Rainfall in Botswana is mainly triggered by rain bearing weather systems such as surface lows, cut-off lows, frontal systems, Inter Tropical Convergence Zone (ITCZ), easterly and westerly troughs [9] , which under favourable conditions can generate heavy daily rainfall and severe weather within a couple of hours. Heavy daily rainfall is defined in this study as rainfall at individual stations with an intensity that is greater than or equal to 50 mm in 24 hours [6, [10] [11] [12] [13] . This definition has been used in WMO's Severe Weather Forecasting Demonstration Projects reports [14] , and has also been adopted by the Botswana Department of Meteorological Services, which issues advisories and warnings of heavy rainfall when this threshold is expected to be reached or to be exceeded.
Heavy or extreme daily rainfall can result in increased storm water runoff or flooding. This can have such impacts as washing of pollutants into drinking water resources, overloading of storm water and wastewater systems which can require supplementary funds to increase management facilities, and can also lead to design challenges on structures such as dams [8, 12, [15] [16] [17] [18] [19] . On a positive note, heavy daily rainfall can lead to augmentation of water supply systems [20] . It should be noted that by saying heavy daily rainfall intensity of at least 50 mm can result in flooding does not necessarily mean that rainfall with intensity lower than this threshold cannot cause flooding, as these hydro-meteorological events also depend on other factors which include precedent soil moisture condition and drainage [5, 6, 21] .
To assist in addressing increased storm water runoff or flooding issues, it is essential to assess heavy daily rainfall in terms of its intensity and the number of days with heavy daily rainfall events over a specified period [4, 5, 19, [21] [22] [23] [24] [25] [26] . Intensity and the number of days with heavy daily rainfall events strongly affect total annual rainfall. In view of this, the aim of this paper is to assess the intensity of heavy daily rainfall events and the number of days with these events over the eastern Botswana (the study area). The focus is on the eastern Botswana ( Fig. 1) since it is the area of the country where the major cities (Gaborone and Francistown), the major dams and their catchments are located. These dams, which include Ntimbale, Shashe, Letsibogo, Gaborone, Bokaa, Lotsane, Nnywane, Thune and Dikgatlhong, provide fresh water to the nation.
The specific objectives of this study are to assess (a) the intensity of heavy daily rainfall per year, (b) the number of days with heavy daily rainfall per year and (c) statistical significance of trends in the intensity of heavy daily rainfall at each chosen station. Knowledge on the characteristics of heavy daily rainfall over the study area is limited as not much research has been conducted. The few previous studies on Botswana rainfall focused on rainfall variability, trends and on annual means [27] [28] [29] , but they did not specifically focus on heavy daily rainfall events as defined in this paper. This study therefore seeks to improve knowledge on the characteristics of heavy daily rainfall over the eastern Botswana, which is essential in addressing increased storm water runoff or flooding concerns. 
Materials and Methods

Data
Seven rainfall stations, whose daily rainfall data were obtained from the Botswana Department of Meteorological Services, have been selected to represent the study area. These stations are Moshupa, Lobatse, Sir Seretse Khama Airport (SSKA), Mahalapye, Palapye, Selibe Phikwe and Francistown (Fig. 1) . They have been selected for analysis on the basis of their data quality, their proximity to the major dams and their catchments, and on the basis of their appreciably long data records (varying between 17 and 46 years but falling within the period 1970 to 2015). The data sets are long enough for meaningful results to be obtained [30] .
Intensity of heavy daily rainfall and the number of days with heavy daily rainfall assessment
For each station, assessment of the intensity of heavy daily rainfall involved generation of two series, i.e., the annual maximal heavy daily rainfall series, denoted by H_Yr, and the annual average heavy daily rainfall series, denoted by Av_Yr [4] [5] [6] 21, 23, 25] . The H_Yr series were generated by inspecting heavy daily rainfall events per year from the available datasets and picking the highest values, while the Av_Yr series were generated by calculating the annual averages of heavy daily rainfall. Generation of the two series helps to better understand the characteristics of the intensity of heavy daily rainfall, since the annual average heavy daily rainfall series gives an overall picture of all heavy daily rainfall events per year. The number of days per year with heavy daily rainfall events was computed by counting the number of heavy daily rainfall events in each year.
The Mann-Kendall test
Linear trend lines were plotted on both the H_Yr and Av_Yr series to visualise the trends. Statistical significance of the trends in both series was assessed using the Mann-Kendall test [27, [31] [32] [33] . This test is nonparametric, with some of its advantages being that it is less sensitive to outliers, it does not need assumptions to be made about the distribution of the data and it does not require specification of whether the trend is linear or nonlinear.
Results and Discussion
The results of heavy daily rainfall intensity assessment, the Mann Kendall test, and of the assessment of the number of days with heavy daily rainfall per year are given in Sections 3.1, 3.2 and 3.3 respectively. Estimated values of annual mean rainfall are presented in Section 3.4.
Intensity of heavy daily rainfall
The annual maximal heavy daily rainfall series (H_Yr), the annual average heavy daily rainfall series (Av_Yr), and the linear trend lines fitted to the H_Yr and Av_Yr series for the selected seven stations are displayed in . Lack of reports of heavy daily rainfall during these sub periods does not mean that it did not rain, but it means that rainfall amounts were less than the selected 50 mm in 24 hours threshold. Perhaps lack of heavy daily rainfall reports in the mentioned sub periods has to do with data quality, suggesting that the results should be interpreted with caution. Fig. 2b displays the H_Yr and Av_Yr series for Av_Yr series for Francistown are displayed in Fig. 2d . The linear trend lines plotted on both series show an upward trend, indicating that the intensity of heavy daily rainfall is increasing over the data period displayed in the figure. The figure shows that the highest heavy daily rainfall that was recorded at the station was 171 mm, 
Results of the Mann Kendall test
Carrying out the Mann Kendall test to assess the statistical significance of the trends in the intensity of heavy daily rainfall yielded the results given in Table 1 . Statistical significance of the trends were tested at 5 and 10% significance levels (alpha = 0.05 and alpha = 0.10). The pvalues for the Av_Yr and H_Yr series for Moshupa are 0.01 and 0.02 respectively. They are less than alpha = 0.05, reflecting that the trends in both the Av_Yr and H_Yr series for Moshupa are statistically significant at 5% significance level. For the other stations, the p-values indicate that the trends in both the Av_Yr and Av_Yr series are not statistically significant at both 5 and 10% significance levels. The Mann Kendall test Statistic (S) indicates that both the H_Yr and Av_Yr series for Moshupa and Francistown have increasing trends. For the other stations, the S statistic shows that the trends in the H_Yr and Av_Yr series have opposite directions. Except for Moshupa and Francistown, the magnitudes of the S statistic are generally small, implying that the trends in the intensity of the stations' heavy daily rainfall are weak [32] . The positive and negative Kendall's Tau correlation coefficients across the stations (Table 1) signify increasing and decreasing rank correlations respectively. 
Number of days with heavy daily rainfall
The stations' numbers of days with heavy daily rainfall events per year are plotted in Table 2 , which also contains the annual mean 
Annual mean rainfall
Heavy daily rainfall events highly contribute to total annual rainfall. It is therefore meaningful to estimate the annual mean rainfall for the selected stations (Table 3) . For the data sets that were considered, the annual mean rainfall ranged between 370 mm (Palapye and Selibe Phikwe) and 500 mm (Lobatse). These annual mean values are in agreement with those of the previous study that focused on annual mean rainfall [29] , which indicated that over the whole country (not just over the present study area), annual mean rainfall ranged between 250 mm and 650 mm. 
Conclusion
The intensity of heavy daily rainfall and the number of days with heavy daily rainfall events have been assessed in order to improve knowledge on the characteristics of these events over the eastern Botswana. All the seven stations that have been selected for analysis, i.e., Moshupa, Lobatse, Mahalapye, Francistown, Sir Seretse Khama Airport (SSKA), Palapye and Selibe Phikwe, experienced heavy daily rainfall events of intensity 50-154 mm, 50-125 mm, 50-128 mm, 50-171 mm, 50-148 mm, 50-130 mm and 50-137 mm respectively. Trends in the intensity of the two series of heavy daily rainfall (annual maximal and the annual average heavy daily rainfall) for Moshupa, Francistown and Palapye were increasing over the years of record that were considered in the analysis. They were decreasing for Lobatse and Selibe Phikwe. For Mahalapye and SSKA, trends in the annual maximal heavy daily rainfall series (H_Yr) were increasing, but they were decreasing in the annual average heavy daily rainfall series (Av_Yr). Using the Mann Kendall test, the trends in both the Av_Yr and H_Yr series for Moshupa were found to be statistically significant at 5% significance level. The trends in the H_Yr and Av_Yr series for the other six stations were found to be not statistically significant at both 5 and 10% significance levels. Five of the seven stations had small Mann Kendall test Statistic (S) values, which reflected that trends in the intensity of the stations' heavy daily rainfall were generally weak. The analysis revealed that the stations' highest annual number of days with heavy daily rainfall events was 5, while the annual mean ranged between 0.70 (SSKA and Palapye) and 1.08 (Mahalapye). Assessment of heavy daily rainfall in terms of its intensity and the number of days with heavy daily rainfall events is key in dealing with increased storm water runoff or flooding related impacts. The results of this study are therefore crucial in addressing storm water, wastewater and other related issues.
